Longitudinal data arise frequently in biomedical science and health studies where each subject is repeatedly measured over time. We compared the effectiveness of medication and cognitive behavioral therapy on depression in predominantly low-income young minority women.
Background
According to the US National Institute of Mental Health (NIMH), major depressive disorder is one of the most common mental disorders in the United States. About 6.7% of US adults experience major depressive disorder. This is especially true for women, who are 70% more likely than men to experience depression during their lifetime. Major depression is a disorder typically characterized by early onset and chronic symptoms, including mental pain and anguish, suffering, and disability. This disorder can be found throughout the population, regardless of social class and economic status. There are, however, many potential causes of major depressive disorder, and treatment options thus require research into a patient's background.
In this paper, we focus on young minority women with low income and coming from diverse ethnic backgrounds. There is a need to develop treatment studies for low-income minority women. Often, this group is disenfranchised due to a lack of care either by themselves or by society owing to financial adversity, social negligence, or other challenges in their life. Primary treatment studies focus on the white middle-class population, so this study is important in establishing treatment for this disadvantage population [1] . Poverty is one of the most consistent predictors of depression in women, probably because it imposes considerable stress, anxiety, and deprivation [2] . Economic inequalities within society are strongly related to various negative physical health outcomes. Thus, poverty and economic inequality are major causes of depression, and are the main impediments to receiving treatment due to a lack of time and money to pay for treatment. Therefore, effective care and cost effectiveness need to be established in providing treatment. This also explains the importance of baseline assessment in prescription and diagnosis. When doctors produce a prescription, they normally consider the patient's baseline status. Thus, the goal of this study was optimization of treatment efficiency and providing a guideline for prescription according to a patient's baseline status.
Effective treatment for major depression can be roughly categorized as antidepressant medications and psychotherapies [3, 4] . In a randomized controlled trial study conducted in Washington, D.C., 3 treatments were randomly assigned to patients: antidepressant medication, cognitive behavioral therapy (CBT), and community referral. Miranda et al. [5] also confirmed that guideline-based care for depression was more effective than referral to community care. Thus, the objective of this study was to compare medication vs. psychotherapy.
Longitudinal data arise frequently in epidemiology, medical science, and socioeconomic panel studies, where repeated measurements within the same subject are more likely to be correlated [6, 7] . The data in this study can be also considered as longitudinal data since the Hamilton Depression Rating Scale (HDRS) was measured monthly for 6 months, and these measurements within the same patient can be interdependent. The benefit of quantile regression is that it can show diverse trends from high quantile to low quantile [8, 9] . Therefore, we utilized quantile regression models for longitudinal data to determine which treatment is most beneficial for patients at different stress levels, as determined by significance over time [10, 11] .
Material and Methods

Design of experiment
The data used in this study come from the Women Entering Care Study, which is a randomized controlled trial of treatment for major depression in low-income women, including Latinas, blacks, and whites. These women received welfare services and health care from national and local agencies based in Washington, DC, suburban counties of Prince George and Montgomery, MD, and Arlington and Alexandria, VA. First, 16 286 women were screened who live in these areas, along with women receiving services at county-run Title X family planning clinics. Among them, 13 975 women were eligible based on self-reported ethnicity and origin. Approximately 11% of them were positive for Major Depression Disorder based on the Primary Care Evaluation of Mental Disorders [12] . However, among them, only 5.6% of black, 8% of white, and 7.6% of Latina women consented to participate in this program. Finally, we enrolled a total of 267 participants, who were randomly divided into 3 treatment groups (Table 1 ) and followed up for 1 year regardless of the duration of each treatment. However, we only used the data for the first 6 months because most of the treatment was completed within 6 months.
Cognitive behavior therapy
Patients (n=90) assigned to the cognitive behavior therapy intervention group were treated by experienced psychotherapists supervised by a certificated clinical psychologist with CBT experience. This intervention ran for 8 weeks as a weekly session, either as a group or individually, as necessary based on the patients' circumstances. A CBT manual was distributed to the patients for keeping them informed on treatment progression. These manuals were designed for low-income and young women to appropriately assess the subjects. After 8 weeks in the program, if the patients' score still increased, they were offered 8 more sessions. As shown in Figure 1 , the distribution is skewed to the right. The proportion of HDRS scores within the 5-10 group is smaller than the proportion of 20-30 HDRS scores. Neither a symmetric nor normal distribution occurred.
Community referral
Subjects in the group assigned to community referral (n=89) were educated about depression, and mental health treatments were offered to them in the community. The clinician scheduled an appointment for the patients at the end of the clinical interview to facilitate referral. Approximately one-quarter of patients did not want to use the referral option. Referred patients were contacted to encourage them to attend a scheduled community care program. All patients in this study were followed up for 12 months regardless of whether they continued treatment or not.
The participants in this study were mostly employed and had low levels of education and income. The mean (SD) age of each participant was 29.3 (7.9) years. Less than half of them were living with a partner. More than one-third of the participants had not graduated from high school and only 6.7% of them had received a college diploma. Sixty percent of them lived at or below the federal guideline for poverty.
Measures
At the baseline assessment, patients from the Women Entering Care project completed a structured version of the HDRS (the Hamilton Depression Rating Scale) by telephone interview [13, 14] , and after starting the treatment, it was measured monthly for 6 months in addition to assessment at 8, 10, and 12 months. The HDRS was categorized as follows: a score less than 7 was considered "not depressed", 7-13 was considered "mild", 13-18 was considered "moderate", 18-23 was considered "severe", and scores 23 and higher were considered "very severe", as specified by the American Psychiatric Association. 
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The rate of participation for the women in care varied with the treatments to which they were assigned. The women in the community referral group showed the lowest rate among the 3 groups, and 83% did not attend any session. Only 8 women attended 4 or more sessions of the community care. The medication group had the best participation rate; 75% attended 9 or more weeks of a guideline-prescribed regimen of medication, and 45% of them took medication for 24 or more weeks.
In the CBT group, 53% of women attended 4 or more CBT sessions and 36% of them attended more than 6 sessions. This participation rate persisted regardless of ethnicity [5] .
Reasons for the low participation rate in the community referral group included lack of outreach, burden of child care, and lack of transportation. Unlike the community care group, medication and CBT intervention provided intensive outreach, child care, and transportation, and patients could make an appointment at their convenience. Clinicians and therapists offered individual sessions for the women who needed to care for their partner or children. The primary problem facing this group is lack of time, transportation, education, and personal care. This means that without outreach, child care help, and transportation assistance, these women could rarely gain access to treatment. Therefore, to achieve decreasing depression symptoms, outreach and care from the community and clinical service is essential [5] .
Methodology
We used longitudinal data analysis, which allowed us to explore each patient's dynamic change over time. Liang and Zeger [15] proposed the generalized estimating equation approach and Qu et al. [16] developed the quadratic inference function approach on the basis of mean marginal regression models. These approaches are mainly applicable when the responses are normally distributed. In this study, however, the distribution of HDRS score at the baseline was strongly skewed to the right (Figure 1) . Therefore, the mean regression approaches were not considered appropriate for analysis of this data set. In data with skewed distribution, median regression is more robust than mean regression. Since the mean was skewed to right in this data set, we opted for quantile regression as a viable alternative; it estimates diverse effects of independent variables with quantile-specific regression coefficients without imposing any distributional assumption on the responses [8] .
The benefit of quantile regression is that it can show diverse trends from high quantile to low quantile. In quantile regression models, a certain percentile can be used as an indicator among various depression levels. Thus, the corresponding percentile is used to observe the trend over time of each depression level. As shown in Table 2A and 2B, the baseline of each quantile (denoted by month 0) is presented: the HDRS score in the 90th percentile was 24.1 in the CBT group and 24 in the medication group. According to the APA classification, the 90th percentile indicates that a patient has severe depression. The score in the 3 rd quantile (75%) was 20 in the CBT group and 21 in the medication group. The score in the 2 nd quantile (median, 50%) was 16 in the CBT group and 18 in the medication group. These 2 nd and 3 rd quantile scores indicate that the symptoms are moderate. The score in the 1 st quantile (25%) was 13 in the CBT group and 14 in the medication group, indicating mild depression.
Moreover, the assumption that the independent variables similarly affect the different parts of the conditional distribution of the response may make little sense in biomedical applications. For example, in a clinical trial of depression that evaluated effects of different treatments on HDRS scores longitudinally, the treatment effects on study subjects with high HDRS scores differed from the treatment effects on study subjects with low HDRS scores who were less sick. In the present study, given a certain level of quantile tÎ (0,1), the t th quantile of the depression score is linearly modeled as:
where CBT=1 if a subject received CBT and 0 otherwise. Time is the index of month. We used the model at t=0.1, 0.25, 0.5, 0.75, and 0.9 to assess the relative effect of CBT as compared to that of medication treatment. The coefficient b_1 indicates the overall relative effect, while b_3 corresponds to a timerelated change in the relative effect. To fit the model to data, we applied the empirical likelihood procedure proposed by Cho et al. [17] , which allowed us to accommodate the within-subject correlation. Here, we assume an AR(1) correlation structure commonly used for longitudinal data analysis. 
Discussion
The results in Figure 2 show that the patients in both groups had lower HDRS scores and their depression symptoms decreased over time in all quantiles. According to the estimated coefficient of time effect, both treatments were effective in reducing the HDRS score over time, regardless of depression levels, and it is statistically significant in terms of the negative estimate (p-value <0.001). To examine which treatment improved patient condition more significantly over time, we used the interaction term between the treatments, and time in the quantile regression model. Figure 2 indicates that there was a statistically significant interaction in depression outcomes between the treatment and time. According to the positively estimated coefficient of the interaction effect, the medication treatment was always effective but CBT was not always effective over time, although the p-value varied. More specifically, the 25 th (1 st quartile) and 50 th (median) percentiles were statistically significant, and the 10 th percentile was marginally significant; the p-values for these were less than.05. In the 75 th and 90 th percentiles, the medication treatment performed better than the CBT in terms of the rate of score decrease, although the difference was not statically significant. Thus, no matter how severe a patient's depression symptoms are, offering antidepressant medication was always effective in decreasing depression symptoms over time.
Conclusions
Comparing the participation rates for each treatment group, we found that the patients in the medication group show more enthusiasm about their treatment. Taking a prescription drug is much easier for participants and does not require the inconvenience and time of attending sessions through CBT or community referral. In this population, considering that patients are in need of the additional support of daycare and transportation to receive treatment from community or county agencies, medication is an affordable way to receive treatment with less burden to their daily life, therefore yielding better participation rates and superior treatment performance.
Likewise, this result also explains the high rate of patients discontinuing treatment (Table 3 ). In our study, 74 of the 267 women who were randomly assigned to community referral did not Table 3 . Rates of lost to follow-up in depression study.
attend any sessions; 22 of the women failed to attend even one-quarter of the scheduled sessions, and 42 women who were offered CBT attended 4 or fewer CBT sessions. Overall, of the 267 women, 138 women discontinued CBT treatment. This is likely related to the circumstances plaguing this population of women with low levels of income and education, who often lack support from surrounding infrastructure.
The results of this study show that medication interventions are significantly more effective for low-income and minority women than are psychotherapy interventions, although CBT is still helpful in reducing levels of depression. Our results suggest that medication needs to be promptly provided despite economic burdens or lack of resources, because the benefit of medication is immediate and visible. Major depressive disorder in low-income women affects not only these individuals, but also the community and country at large. Since the cause of the disease can be related to social negligence, prompt and effective treatment can help prevent further depression from developing. Particularly, most of the patients are married and have children, and a mother's depression is assumed to lead to parental negligence and may cause further familial and social issues related to their children [18] . Therefore, antidepressant medication for minority women needs to be promptly prescribed.
Siddique et al. [19] estimated the mean of HDRS at each month using marginal mean regression: the mean was measured each month for 6 months, and was in turn compared to the mean of different treatment options at the same month to assess the effectiveness. The estimation, however, cannot provide a predictive model due to the nature of cross-sectional study design. Additionally, for the comparison of the groups, the study utilized partial data with a small sample size where, for example, only 20 severe patients are included among 267 women. Although the study of Siddique et al. [19] was original and insightful in testing the significance of the differences, the sample size could not confirm the relative effectiveness of the 2 treatments. In the case of the quantile regression approach, the test result is based on the analysis of the whole data set, thus yielding a more accurate prediction model.
